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Introduction
T he northern bald ibis Geronticus eremita is one of only three Critically Endangered birds whose breeding range is confined to the Western Palearctic (BirdLife International, 2000; IUCN, 2008) . Until recently the only known breeding colonies were along a small stretch of coastline in Morocco now subject to intensive conservation management. A Middle Eastern population was thought extinct since 1989 (Arihan, 1998), and extinct in Syria since the late 1920s (Safriel, 1980) , part of a broad long-term decline in this species (Kumerloeve, 1984) . Unlike the relatively sedentary Moroccan birds, the eastern population was migratory (Hirsch, 1979) but the migration routes and wintering sites were unknown. The discovery of a colony of northern bald ibises in Syria in 2002 (Serra et al., 2003 confirmed the survival of this migratory population. The Syrian birds arrive in the breeding area in February and depart in July. Knowledge of the migration routes and wintering sites is crucial for the successful conservation of the eastern population.
The Syrian colony had only 2-3 breeding pairs in 2002-2006 and, although breeding productivity has been high (Serra et al., 2007a, in press ), comparing favourably with Moroccan colonies (Bowden et al., 2003) , the colony has not increased in size. Twenty offspring fledged in 2002-2006 but only four subadults returned and there was only one recruit into the breeding population (Serra et al., in press ). Even allowing for delayed recruitment (Bowden et al., 2003) , return rates in the Syrian population seem low, suggesting that juvenile or subadult survival on migration or in the wintering areas is poor. Adult survival rates are unknown but at least one breeding adult has died each winter during 2002-2006, whereas only one adult mortality has been detected at the breeding grounds.
Many historical records exist of ibises presumably on migration or at their wintering grounds (Collar & Stuart, 1985; Welch & Welch, 2004) . The last 20th century record for each country in the region is given in Table 1 . Sightings continued for 8 years after the last known wild birds were taken into captivity in Turkey in 1989. From 1997 to 2002 ibises were breeding, migrating and wintering undetected in the region, raising the possibility that other small relict colonies may remain undetected. We considered that satellite tracking ibises could lead to the discovery of other ibis colonies, provide clues to the poor recruitment rate, and lead to conservation actions to improve overwinter survival. Understanding the migration and wintering behaviour could help explain the observations in Syria that subadults return long after the adults have arrived (Serra et al., in press ). Knowledge of migration routes, flight speeds and stopovers could inform the efforts to re-establish migratory populations (Fritz, 2007) .
Here we report results from tracking Syrian ibises between July 2006 and March 2007 using satellite PTTs (platform transmitter terminals).
Methods
Three adult birds were trapped and fitted with PTTs in June 2006 after 3 years of unsuccessful attempts (Bowden & Tyler, 2003; Peške, 2005; Serra & Peške, 2006) . Birds were caught just prior to the fledging of their offspring using a clap net set beside a regular drinking point. Each bird was measured, weighed and fitted with a numbered plastic leg ring. Two birds had battery powered tags (Northstar Geotrack, 30 g) attached on the lower back by teflon ribbon loops around the legs (Rappole & Tipton, 1991) . One bird had a solar-powered tag (Microwave PTT 100, 12 g) attached on the upper back as a backpack with loops around the wings and across the chest ( Table 2) . Both these harness designs were pre-tested on captive, free flying northern bald ibis (LP, unpubl. data) . Each PTT had a VHF transmitter (3.5-5.5 g) attached to allow local movements to be monitored from the ground (Peške et al., 1996) . Soon after tagging all three birds resumed foraging and attending their nests and no disturbance to the social cohesion of the group was noted. Both nests belonging to these adults went on to fledge three young each and all birds in the colony foraged together throughout the following 4 weeks prior to migration.
Location data were acquired through Argos (Argos, 2009) and were accepted on the basis of location quality class, travel speed and travel direction. Home range areas were estimated using minimum convex polygons. Land cover and topography were assessed using freely available satellite imagery and digital elevation data (CGIAR-CSI, 2006; Google, 2007) . Local volunteers visited one stopover site and we spent 3 weeks at the wintering site making field observations.
Results
Location data showed that the three tagged birds migrated together, so we regard each acceptable location on the southward migration as representative of the group. The entire colony left the breeding site on 18 July 2006 (the three tagged birds, an untagged adult, three non-breeding subadults and six first year birds). The tagged birds flew south across the eastern desert of Jordan, along the western coastal plain of Saudi Arabia, following the line of the Asir Mountains towards the south, and after 9 days reached north-west Yemen where they staged for 18-19 days ( Fig. 1) . Whilst there, the birds spent most days (at least 9; 9 days being unaccounted for) in a c. 45 km 2 area of irrigated fields on the coastal plain. The birds roosted nearby for 2 nights but for most nights (8-17) they commuted 19 km away to an area of fields 2 km from a small town. Local observers saw a group of six birds as they left their roost in this area on 3 August 2006 (A.R. Al Eryani, pers. comm.). At least one bird roosted 28 km to the south of there on 1 night, and 6 nights were unaccounted for.
The birds then flew south, crossing the Red Sea (probably at or near the Bab-el-Mendab Straits) into Eritrea or Djibouti and on into Ethiopia to a wintering site c. 75 km north-east of Addis Ababa. They remained there until 9 February 2007. The southward migration lasted 32 days, including 18 or 19 days stopover in Yemen, and the distance travelled was c. 3,150 km.
Over winter the birds used a small area of c. 35 km 2 for the entire period, with the area used increasing slightly over time (Serra et al., 2007b) . Field observations confirmed that the three tagged birds and one other adult reached the site but no subadults or first years. All four birds stayed close together when foraging and loafing, and roosted together Serra et al. (2007b) . The three tagged birds separated during the northward migration (Fig. 2) . Two left the wintering site on 10 or 11 February 2007 and the third on 12 February. All three flew along the west of the Red Sea stopping at sites in northern Eritrea and southern Sudan. The trailing bird stopped at sites close to those that the leading pair had stopped at 2 days earlier. All three birds regrouped on the south Sudanese coast and crossed the Red Sea together into Saudi Arabia. The c. 300 km crossing included the only instance of nocturnal flight recorded during the entire study. All three birds stopped for several days near their landfall but again separated for the remainder of the migration. A male arrived back at the colony on 25 February (c. 16 days journey time), a female on 28 February (c. 19 days journey time). The second female spent c. 12 days in southern Saudi Arabia then stopped in the border regions of Saudi Arabia and Jordan, before arriving in Syria on 9 March. She spent 3 days at a site 60 km to the west (an old colony site) before reaching the colony 28 days after leaving Ethiopia. The return route was just over 3,000 km.
The untagged adult did not return to the Syrian colony and is assumed to have died at the wintering site or en route north. Four other birds (all subadults) returned to the colony in April 2007 and must have wintered elsewhere.
Discussion
The route, the staging areas and the wintering site used by the tagged ibises are notably consistent with historical records (Fig. 3) , with almost all documented locations in the Red Sea region visited or passed by ( Table 3) . Northeast African and Yemeni records caused some to speculate that there may have been a breeding population there (Guichard, 1950; Smith, 1955) and there were also rumours of a colony in Somalia (Stanton, 1997). However, Smith (1970) eventually decided that his Eritrean records were probably of Turkish birds from Birecik and our observations further weaken the case for recent breeding this far south. Others have assumed that the last records in Yemen were of Turkish birds (Brooks et al., 1987) International, 2007) . Whilst having no protected status per se, IBA designation can help promote conservation of a site. The wintering site in Ethiopia qualifies as an IBA and should be designated as such. The ibises lived in close proximity to humans and were dependent on farmed habitats, and thus may be vulnerable to intensification of land use or degradation because of overexploitation and drought. Pesticides have been implicated in declines of northern bald ibis elsewhere (Parslow, 1973) and although cost currently prohibits their use in this area this situation could change and needs to be monitored. At both breeding and wintering grounds socio-economic issues are crucial to the birds' survival. The habitat used is strongly modified by the activities of Bedouin pastoralists in Syria and agro-pastoralists in 
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Ethiopia. The extent to which human livelihoods can continue to be sustained by natural resources will determine the future availability of suitable ibis habitat in both these areas.
The migration route crossed several countries with high per capita densities of firearm ownership (Small Arms Survey, 2007) and strong hunting cultures. The site where the birds made landfall in Saudi Arabia, Al Lith, is a migration bottleneck and Arabian falconers trap migrant falcons here (G. Welch, pers. comm.). Presumably, this will place other species using the area at risk. Conservation work at Al Lith may well have benefits for more than just ibises.
Explaining the difference in southward and northward routes is difficult. Prevailing wind directions (Meyburg et al., 2003) and availability of food at staging areas (Fujita et al. 2004 ) may be responsible. The birds appeared to be dependent on staging areas in Yemen and Eritrea, although less so in Eritrea, presumably because of a winter spent feeding in Ethiopia. Past observations of ibises in Eritrea in January tied their presence to local rainfall and hence food availability (Smith, 1970) . The most unexpected feature, however, was the long sea crossing, a risky strategy notably avoided by other larger migrants (Meyburg et al., 2002) .
The results showed a significant difference in migration behaviour between adults and young birds, the two groups appearing to separate at an early stage. Because only six birds were seen in Yemen in autumn it seems that young birds were already left behind further north. The speed of migration (c. 256 km per day for the first 9 days) may have been too fast for juveniles that fledged only 30 days earlier. Searches around the wintering site failed to reveal any other birds (Serra et al., 2007b) and, given this species' social behaviour, it seems unlikely that other ibises were wintering separately nearby. However, more extensive searches should be made in the Ethiopian highlands, in suitable habitat and in the vicinity of historic records. Brief searches at the Yemeni site and enquiries amongst local residents were fruitless (A.R. Al Eryani, pers. comm.). The birds stopped briefly at various other places in Saudi Arabia and in southern Yemen but these sites have not been searched. The four untagged birds that returned to Syria were all at least 2 years old, so the six first-year birds are unaccounted for. There are several spring records of northern bald ibis in Saudi Arabia (Baldwin & Meadows, 1988; Kirwan, 1992) , which may relate to returning pre-breeders. There are also summer records from Yemen, with up to eight birds at Ta'izz sewage lagoons in June 1985 (Brooks et al., 1987 . Fieldwork within Saudi Arabia and Yemen is needed to search for summering birds and to assess risks at key sites.
Despite efforts, to date there has been no successful reintroduction of fully independent northern bald ibis into the wild (Boehm et al., 2007) . The reasons for this are varied but the added complication of migratory behaviour makes the prospect of reintroducing a population in the east seem harder still. Thus, in addition to being the only wild northern bald ibises away from Morocco, the importance of protecting the Syrian birds in situ is further heightened by the desirability of retaining their distinctive migratory behaviour and preventing the loss of this habit and knowledge.
The deteriorating status of the northern bald ibis in Syria in the 20th century parallels the degradation of the Syrian steppe over this time, resulting in a substantial loss of biodiversity (Serra et al., 2008) . But, as this research demonstrates, in common with many migratory species, the survival of this relict ibis population depends on conservation actions in up to six other countries, as well as in the breeding area. Nonetheless, this is an important flagship species in Syria, already resulting in increased ecological and conservation awareness in the country, with the potential for extension into other range states.
Since this work was undertaken the colony size has remained at two breeding pairs. Location data from one of the ibises during migrations in 2007-2008 and 2008-2009 showed it using the same southward migration route, Yemeni staging area and Ethiopian wintering site, and again only adults were found at the latter during visits (Wondafrash & Dellelegn, 2007; G. Serra, pers. obs.) . A second southward staging area in southern Saudi Arabia was used in 2008-2009 in addition to the site in Yemen. The partners in this project have succeeded in tagging one juvenile to date, which remained in Syria when the rest of the colony had left and then disappeared c. 50 days after tagging. The dispersal and migratory behaviour of non-breeding birds remains unknown and in urgent need of resolution.
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